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In one embodiment, a semiconductor integrated circuit has
memory cells. Each of the memory cells has non-volatile
memories and switching elements. The non-volatile memo-
ries and switching elements are connected 1n series between a
first power source and a second power source. Output wirings
of at least two of the memory cells are connected to each
other. Input wirings are connected with control gates of the
switching elements included 1n each of the at least two
memory cells. A plurality of the switching elements included
in one of the at least two of the memory cells 1s turned off,
when an 1input signal or an inverted signal 1s inputted. Further,
another plurality of the switching elements included 1n
another one of the at least two of memory cells other than the
one of the memory cells 1s turned on, when the 1nput signal or
the inverted signal 1s mputted.
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SEMICONDUCTOR INTEGRATED CIRCUIT
INCLUDING MEMORY CELLS HAVING
NON-VOLATILE MEMORIES AND
SWITCHING ELEMENTS

CROSS-REFERENCE TO RELAT!
APPLICATION(S)

gs
w

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No. 2011-
53605, filed on Mar. 10, 2011, the entire contents of which are

incorporated herein by reference.

FIELD

Embodiments described herein relates generally to a semi-
conductor integrated circuit.

BACKGROUND

In recent years, reconfigurable integrated circuit devices
attract attention. A typical example of the reconfigurable inte-
grated circuit devices 1s a field programmable gate array
(hereinafter referred to as “FPGA”). The FPGA realizes basic
logical information using logical blocks, and changes con-
nections among the logical blocks using switches. Using the
logical blocks and the switches, a user can realizes arbitrary
logical functions in the FPGA. A lookup table circuit (here-
inafter referred to as “LUT circuit”) which realizes an arbi-
trary truth table 1s used for such a logical block. The LUT
circuit 1s provided with a configuration memory and a multi-
plexer, and reads a state ol a memory selected by an input
signal. The arbitrary truth table can be realized by rewriting
the configuration memory.

An SRAM (Static Random Access Memory) 1s often used
as a configuration memory. The SRAM can be manufactured
by the same process as a logic transistor so that the SRAM
type memory 1s easy to be manufactured. However, the
SRAM type memory 1s a volatile memory and data 1s lost
when power 1s turned ofl. Accordingly, 1t 1s necessary to keep
the power of the LUT circuit turned on. Further, with advance
of miniaturization of semiconductor devices, leakage current
of the SRAM increases. As a result, leakage current of an

LUT circuit mmmiaturized using most advanced processes
Increases.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an FPGA according to a first
embodiment.

FIG. 2 15 a block diagram showing an example of a main
tile of the FPGA.

FIG. 3 15 a circuit diagram showing a configuration of an
LUT circuit of the FPGA.

FIG. 4 1s a diagram showing an arrangement of flash
memories 1n the LUT circuit.

FIG. 5 1s a circuit diagram showing a modification of the
LUT circuait.

FI1G. 6 15 a circuit diagram showing another modification of
the LUT circuit.

FIG. 7 1s a circuit diagram showing further another modi-
fication of the LUT circuait.

FIG. 8 15 a circuit diagram showing a configuration of an
LUT circuit of an FPGA according to a second embodiment.

FIG. 9 15 a circuit diagram showing a modification of the
LUT circuit of the FPGA according to the second embodi-
ment.
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FIG. 10 1s a circuit diagram showing another modification
of the LUT circuit of the FPGA according to the second

embodiment.

FIG. 11 1s a circuit diagram showing further another modi-
fication of the LUT circuit of the FPGA according to the
second embodiment.

FIG. 12 1s a circuit diagram showing further another modi-
fication of the LUT circuit of the FPGA according to the
second embodiment.

FIG. 13 1s a circuit diagram showing a configuration of an
LUT circuit of an FPGA according to a third embodiment.

FIG. 14 1s a circuit diagram showing a configuration of an
LUT circuit of an FPGA according to a fourth embodiment.

FIG. 15 1s a circuit diagram showing a configuration of
memory cells included in an LUT circuit of an FPGA.

FIG. 16 1s a circuit diagram showing a configuration of an
LUT circuit of an FPGA according to a fifth embodiment.

DETAILED DESCRIPTION

According to one embodiment, a sesmiconductor integrated
circuit having a plurality of memory cells 1s provided. Each of
the memory cells has first and second non-volatile memories
and a plurality of switching elements. The first and second
non-volatile memories and the switching elements are con-
nected 1n series between a first power source and a second
power source.

Output wirings of at least two of the memory cells are
connected to each other. Input wirings are connected with
control gates of the switching elements included 1n each of the
at least two memory cells, 1n order to send an input signal or
an mverted signal of the mput signal to the control gates.

The memory cells are configured such that a plurality of the
switching elements included 1n one of the at least two of the
memory cells are turned off when the mput signal or the
inverted signal 1s mputted. Further, the memory cells are
configured such that another plurality of the switching ele-
ments included in another one of the at least two of memory
cells other than the one of the at least two memory cells are
turned on when the mput signal or the inverted signal 1s
inputted.

Hereinafter, further embodiments will be described with
reference to the drawings.

In the drawings, the same reference numerals denote the
same or similar portions respectively.

A first embodiment will be described with refterence to
FIG. 1.

FIG. 11s a block diagram of an FPGA according to the first
embodiment.

The FPGA 1s provided with main tiles 21, input/output
blocks 22, and a peripheral circuit 23. The main tiles 21 are a
circuit for performing a logical operation. The 1nput/output
blocks 22 transmit information between inside and outside of
a semiconductor chip in which the FPGA 1s formed. The
peripheral circuit 23 1s provided with a circuit for supplying
power to the semiconductor chip of the FPGA, a circuit for
writing circuit information to the FPGA, a clock generation
circuit, etc.

FIG. 2 1s a block diagram showing an example of the main
tiles 21. The example of the main tile 21 1s provided with
logical blocks 24, connection blocks 25, and switch blocks
26. These blocks 24 to 26 are connected with each other by
wirings 27. The logical blocks 24 perform logical operation.
The connection blocks 235 are circuits for connecting the
logical blocks 24 with the wirings 27 respectively. Each con-
nection block 25 1s provided with a circuit for transmitting
input signals from the connected wirings 27 to each logical
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block 24. Each connection block 25 1s also provided with a
circuit for transmitting output signals from each logical block
24 to the connected wirings 27. Each switch block 26 1s
composed of a switch circuit for controlling connection of the
connected wirings 27 which cross each other orthogonally.
The switch blocks 26 control connection and disconnection
of the wirings 27 which cross each other orthogonally.

Each logical block 24 1s provided with “N” pieces of logic
cells, “I”” pieces of input terminals, “N” pieces of output
nodes, and a plurality of multiplexers. “N” and “I” show
positive integers respectively. Each logic cell 1s a minimum
unit to perform a logical operation 1n the FPGA. Input signals
into each logical block 24 and output signals from the logic
cells are transmitted to the respective multiplexers. Each mul-
tiplexer selects one of the received signals and outputs the
selected signal to an mput terminal of one of the logic cells.

Each logic cell 1s provided with, a lookup table (LUT), a
D-type thp-tlop (D-FF) and a multiplexer, for example, and
outputs nformation based on iput to each logic cell and
information set in the lookup table.

FIG. 3 shows a configuration of an LUT circuit 1 of the
FPGA according to the embodiment. FIG. 3 shows an
example of an LUT circuit having one mput and one output.
The LUT circuit 1 1s provided with a first memory cell 10a
and a second memory cell 105. Output wirings 32, 33 of the
first and second memory cells 10a, 105 are connected with an
output node 29. Further, the first memory cell 10a 1s provided
with two flash memories 11a, 14a. One terminal of the flash
memory 11a 1s connected to a first power source 40 having a
voltage VDD (power source line voltage), and one terminal of
the flash memory 14a 1s connected to a second power source
41 having a voltage VSS lower than the voltage VDD.

A P-channel insulated gate field effect transistor (herein-
alter referred to as “P-channel MOSFET”) 12a, as a switch-
ing element, 1s connected between the flash memory 114 and
the output node 29, and an N-channel msulated gate field
elfect transistor (hereinaiter referred to as “N-channel MOS-
FET”) 134, as a switching element, 1s connected between the
flash memory 14a and the output node 29. Similarly to the
first memory cell 10q, 1n the second memory cell 105, one
terminal of the flash memory 115 1s connected to the first
power source having the voltage VDD, and one terminal of
the flash memory 144 1s connected to the second power
source having the voltage VSS. Further, a P-channel MOS-
FET 126 1s connected between a flash memory 115 and the
output node 29, and an N-channel MOSFET 1354 1s connected
between a ﬂash memory 145 and the output node 29.

In FIG. 3 and the following the description, each memory
cell of the LUT circuit 1s provided with two tlash memories
and a plurality of MOSFETs. The memories of each memory
cell are not limited to a flash memory, but may be another
non-volatile memory such as a MONOS memory or an
EEPROM (Electrically Erasable Programmable Read Only
Memory), or may be a memory having a charge accumulation
layer formed of a material with many dangling bonds such as
S1IN. Further, the MOSFETs can be replaced with other
switching elements such as MEMS.

In FIG. 3 and the following drawings, the two flash memo-
ries included 1n each memory cell are represented by a tran-
sistor symbol having a conductivity channel of N-channel.
However, the flash memory connected to the first power
source may be a memory having a channel conductivity of
P-channel, or both of the two flash memories may be a
P-channel memory.

The flash memories 11a, 115, 144, 1456 1n the LUT circuit
1 are set to either a state where the threshold voltage 1s high or
a state where the threshold voltage 1s low. The former state 1s
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set when data 1s written to the flash memories and a predeter-
mined amount of electrons 1s 1mjected 1nto the tloating gates.
The latter state 1s set when data 1n the flash memories 1s erased
and a predetermined amount of electrons disappears from the
floating gates.

The flash memornies 11a, 14a included 1n the same memory
cell 10a are programmed to states different from each other,
respectively. The tlash memories 115, 145 included 1n the
same memory cell 105 are programmed to states different
from each other, respectively. For example, when the flash
memory 11a 1s programmed to the state of high threshold
voltage, the flash memory 14qa 1s programmed to the state of
low threshold voltage. A voltage lower than the high thresh-
old voltage and higher than the low threshold voltage is
applied to the control gates of the tlash memories which are
programmed to the states different from each other respec-
tively.

The control gates of the P-channel and the N-channel
MOSFETs 12a, 13a 1n the same memory cell 10a are con-
nected to different input wirings, 1.€., a first wiring 30 and a

second wiring 31. The control gates of the P-channel and the
N-channel MOSFETSs 125, 135 1n the same memory cell 1056
are connected to the first wiring 30 and the second wiring 31
respectively. The control gates of the MOSFETs 12a, 1256
having the same conductivity channel type are respectively
connected to the different input wirings. The control gates of
the MOSFETSs 13a, 1356 having the same conductivity chan-
nel type are respectively connected to the different input
wirings. An input signal “A” which 1s mputted into the
memory cells 10a, 105 through either one of the first and the
second wirings 30, 31 1s an input signal to the LUT circuit 1,
and an mverted 31gnal “A,” of the input signal “A” 1s 111putted
into the memory cells 10(13 105 through the other one of the
wirings.

The drain of the P-channel MOSFET 12qa and the drain of
the N-channel MOSFET 13a are connected to the output
wiring 32. The drain of the P-channel MOSFET 1256 and the
drain of the N-channel MOSFET 135 are connected to the
output wiring 33.

Logic values inputted through the first and the second
wirings 30, 31 arerepresented by “1” and “0”. In this case, for
example, 11 “0” 1s provided to the control gate of the P-chan-
nel MOSFET 12a 1n the first memory cell 10a, *“1” 1s provided
to the control gate of the N-channel MOSFET 13a in the first
memory cell 10q, “1” 1s provided to the control gate of the
P-channel MOSFET 125 1n the second memory cell 105, and
“0” 1s provided to the control gate of the N-channel MOSFET
135 1n the second memory cell 105.

When such logic values are provided, the P-channel MOS-
FET 12a and the N-channel MOSFET 13a 1n the first memory
cell 10q are turned on. When the flash memory 11a1s setto the
low threshold voltage and the flash memory 14a 1s set to the
high threshold voltage, a voltage near the voltage VDD which
1s a higher voltage 1s outputted from the first memory cell 10a.
When the tlash memory 14a 1s set to the low threshold voltage
and the tlash memory 11a 1s set to the high threshold voltage,
a voltage near the voltage VSS which 1s a lower voltage 1s
outputted from the first memory cell 10a. On the other hand,
the P-channel MOSFET 126 and the N-channel MOSFET
135 1n the second memory cell 105 are turned off. Accord-
ingly, the output value of the first memory cell 10a 1s output-
ted to the output node 29. As described, output terminals
(output wirings) of the two memory cells 10a, 105 are con-
nected to each other. Either one of the two memory cells 1s
turned on. As a result, the state of the turned-on memory cell
1s outputted to the common output node 29.
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As described above, 1n the LUT circuit 1, one of the two
memory cells 10a, 105 1s certainly turned oif according to the
input signal to the LUT circuit 1. Accordingly, a leakage
current which 1s generated from the turned-off memory cell
can be reduced to a value near zero. Thus, the leakage current
during running of the LUT circuit 1 can be reduced to one-
half compared with a case where all the memory cells are
turned on.

Inthe LUT circuit 1, four elements are inserted 1n a leakage
path between the first power source of the voltage VDD and
the second power source of the voltage VSS 1n each memory
cell so that the leakage current 1s sulliciently suppressed. The
LUT circuit 1 can be used more effectively when leakage
currents from the MOSFETSs 12a, 12b, 13a, 13b are adjusted
to be smaller than leakage currents from the tflash memories
11a, 115, 14a and 14H 1n the memory cells 10a, 105. For
example, the first memory cell 10a can be adjusted so as to
satisty the formula (1). In the formula (1), 1, ,1,,., 113, 1,4,

indicate leakage currents from the flash memory 11a, MOS-
FET 12a, MOSFET 13a and the flash memory 14a respec-
tively, and Min (X, Y) indicates a smaller value of X and Y.

Min(Zy5,, I13,)<Min{ly,,, 114,) (1)

The leakage currents of the MOSFET 12a, 126 can be
adjusted by changing the gate lengths, the gate widths or the
threshold voltages of the MOSFET 12a, 12b. Accordingly,
the MOSFET 12a, 126 may be designed so that the formula

(1) 1s satisfied, according to the characteristics of the flash
memories 11a, 14a to be used. Further, the leakage currents of
the flash memory 11a, 14a depend on the gate lengths, the
threshold voltages, voltages applied to the control gates, and
the amounts of shift of the threshold voltages caused by
writing/erasing data. Accordingly, the flash memories 11a,

14a may be designed so that the formula (1) 1s satisfied,
considering the characteristics of the MOSFET 12a, 1256 to be
used. Thus, a smaller sized flash memory may be used. The
threshold values of the MOSFET 124, 125 or the flash memo-
ries 11a, 14a may be controlled by a substrate bias.

Operations of writing data to the flash memories and eras-
ing data from the tflash memories will be described below.
Writing data to the two flash memories of each memory cell
1s performed by controlling the voltages VDD, VSS and the
voltages of the control gates of the flash memories to which
the data 1s written. The voltage VDD 1s applied from the first
power source to which one of the flash memories 1s con-
nected. The voltage VSS 1s applied from the second power
source to which the other one of the flash memories 1s con-
nected.

The potential difference between the control gate of one of
the flash memories to which data 1s written and the first or the
second power sources which 1s electrically connected to the
one of the flash memories 1s set to a program voltage Vprg.
For example, the potential of the control gate of the flash
memory 1s set to Vprg, and the potential of at least one of the
first and the second power source 1s set to 0 (Zero) V. As a
result, the voltage between the gate and the channel of the one
of the flash memories becomes Vprg so that information can
be written to the one of the flash memories.

The flash memories 11a, 115, 14a and 145 1n the LUT
circuit 1 are arranged 1in a matrix form, for example, as shown
in F1G. 4. The control gates of the flash memories 11a, 14q are
connected to the same wiring L.3. The control gates of the
flash memories 115, 14b are connected to the same wiring 1.4.
One terminals, for example, sources of the tlash memories
11a, 115 are connected to the same wiring L1, 1.e., a power
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source line. One terminals, for example, sources of the tlash
memories 14a, 145 are connected to the same wiring 1.2, 1.¢.,
another power source line.

To write data to one of the flash memories without writing,
data to the other flash memories whose control gates are
connected to the same wiring, the potential of the power
source line connected to the other flash memornes to which
data 1s not written 1s set to a voltage Va slightly higher than
zero. Thus, the voltage between the gates and the channels of
the other tlash memories to which data 1s not written becomes
Vprg—Va so that data can be prevented from being written.

When data 1s erased 1n the one of the flash memories, the
potential difference between the control gate of the one of the
flash memories in which data 1s erased and the second power
source (substrate) 1s set to Verase. For example, the gate
potential 1s set to 0 V and the substrate potential 1s set to
Verase. Thus, all data in the flash memories formed on a
common substrate can be erased.

In the LUT circuit 1 of FIG. 3, both the N-channel MOS-
FET and the P-channel MOSFET are used in each memory
cell. However, MOSFETs having the same conductivity
channel type may be used in each memory cell. FIG. 5 shows
a modified example of an LUT circuit in which MOSFETs of
the same conductivity channel type are used 1n each memory
cell.

In an LUT circuit 2 shown 1in FIG. 5, all of MOSFETSs 12a,
125, 154 and 1554 included 1n the LUT circuit 2 are P-channel
MOSFETSs. In the LUT circuit 2, an input signal “A’” 1s input-

ted 1into control gates of the MOSFETs 125, 156 of the second

memory cell 205. An inverted signal “A,” of the input signal
1s inputted into control gates of the MOSFETs 12a, 15a of the
other memory cell 20a. All ofthe MOSFETs of FIG. 5 may be
N-channel MOSFETs.

In the LUT circuit 2 described above, one of the two
memory cells 20a, 205 1s certainly turned oil according to the
iput signal to the LUT circuit 2. Thus, a leakage current
generated from the turned-off memory cell can be reduced to
a value near zero. Further, a leakage current during running of
the LUT circuit 2 can be reduced to one-half compared with
a case where all of the memory cells are turned on.

FIG. 6 shows another modified example of the LUT circuit
in which MOSFETs of the same conductivity channel type
are used i each memory cell. In an LUT circuit 3 of FIG. 6,
MOSFETSs 12a, 15a of a first memory cell 30a have a con-
ductivity channel type different from that of MOSFETs 135,
165 of a second memory cell 305. In the LUT circuit 3, an
input signal “A” 1s mputted into control gates of all of the
MOSFETSs 12a, 13b, 15a and 165. Accordingly, though the
wiring 31 for inputting the inverted signal A, 1s necessary in
the LUT circuits 1, 2 shown in FIGS. 3 and 5, such a wiring 1s
not necessary in the LUT circuit 3 shown 1n FIG. 6.

In the LUT circuit 3 described above, one of the two
memory cells 1s certainly turned off according to the input
signal to the LUT circuit 3. As a result, a leakage current
during running of the LUT circuit 3 can be reduced to one-
haltf compared with a case where all the memory cells are
turned on.

FI1G. 7 shows further another modified example of the LUT
circuit. Inthe LUT circuit4, MOSFETs 12a, 125 are arranged
nearer to the first power source than the tlash memories 11a,
115. MOSFETSs 13a, 13b are arranged nearer to the second
power source than the flash memories 14a, 14b. The flash
memories 11a, 14a, 115 and 145 are arranged nearer to the
output node 29. In the LUT circuit 4, the flash memory ele-
ments 11a, 14a are arranged adjacent to each other, and the
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flash memory elements 115, 145 are arranged adjacent to
cach other. As aresult, the layout area can be suppressed to be
small.

In the LUT circuit 4, the MOSFET 124 1s formed between
the flash memory 11a and the first power source, the MOS-
FET 13a 1s formed between the flash memory 14a and the
second power source. The MOSFET 1256 1s formed between
the flash memory 115 and the first power source, and the
MOSFET 135 1s formed between the tflash memory 145 and
the second power source. Accordingly, when information 1s
written to one of the tlash memories of each memory cell, 1t 1s
necessary to form an electric path for the one of the flash
memories, by controlling the mput/inverted signal “A” or
“A,” to be transmitted to the MOSFET adjacent to the one of
the flash memories so as to turn on the MOSFET.

On the other hand, 1n the LUT circuit 1 shown in FIG. 3,
when information 1s written to one of the flash memories 114,
14a, 116 and 14b, it 1s not necessary to control any of the
iput/inverted signals “A”, “A,”.

In FIG. 7, a P-channel MOSFET 12a, flash memories 11a,
14a, and an N-channel MOSFET 13a are arranged, 1n the
order from a node near the first power source to a node near
the second power source. Further, a P-channel MOSFET 125,
flash memories, 115, 145, and an N-channel MOSFET 135
are arranged, in the order from a node near the first power
source to a node near the second power source. The arrange-
ments may be changed to those different from the arrange-
ments described above. For example, a MOSFET, a tlash
memory, a MOSFET and a flash memory may be arranged, in
the order from near the first power source to near the second
power source, or a flash memory, a MOSFET, a flash memory
and a MOSFFET may be arranged 1n the above order.

Further, in FIG. 7, the P-channel MOSFET 12a and the
N-channel MOSFET 13a are included 1in the memory cell
40a, and the P-channel MOSFET 1256 and the N-channel
MOSFET 135 are included 1n the memory cell 4056. In the
LUT circuit 4 of FIG. 7, MOSFETSs of the same channel type
may be provided in each memory cell 40a or 40b.

FIG. 8 15 a circuit diagram showing a configuration of an
LUT circuit of an FPGA according to a second embodiment.
In the embodiment, the LUT circuit 1s composed of resistance
change memories as non-volatile memories. The constituent
clements other than the LUT circuit of the FPGA are the
similar to those of the first embodiment.

The resistance change memory 1s a memory element. The
resistance value of the resistance change memory can be
programmed by determining a voltage value between the
terminals of the resistance change memory and a direction of
the voltage. The resistance change memory 1s, for example, a
spin torque transter MR AM, a phase change memory, a resis-
tance change memory using an electric field effect, and an 1on
memory. A resistance change memory which 1s programmed
to a low resistance state or a high resistance state by changing,
amplitude and application time of a voltage applied between
the terminals 1s referred to as a unipolar type memory. A
resistance change memory which 1s programmed to a low
resistance state or a high resistance state by changing a direc-
tion of a voltage applied between the terminals 1s referred to
as a bipolar type memory.

In the resistance change memories of the unipolar type and
the bipolar type, the resistance state 1s changed 1n a reversible
manner from the high resistance state to the low resistance
state or from the low resistance state to the high resistance
state, by applying a predetermined program voltage (or cur-
rent) between the terminals. The resistance state of the resis-
tance change memories 1s substantially non-volatile until a
predetermined program voltage 1s applied.
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As shown 1n FIG. 8, an LUT circuit 101 1s provided with
memory cells 110a, 1105. The memory cell 110q 1s provided
with resistance change memories 111a, 114a, a P-channel
MOSFET 12a, and an N-channel MOSFET 13a. The
memory cell 1105 1s provided with resistance change memo-
ries 1115, 1145, a P-channel MOSFET 1254, and an N-channel

MOSFET 135. One terminals of the resistance change memo-
ries 111a, 1115 are connected to the first power source of the
voltage VDD (a power source line voltage), and the other
terminals of the resistance change memories 111a, 1115 are
respectively connected to the MOSFETs 12a, 12b. One ter-
minals of the resistance change memories 114a, 11456 are
respectively connected to the MOSFETSs 13a, 135, and the
other terminals of the resistance change memories 114a, 1145
are connected to the second power source having the voltage
VSS lower than the voltage VDD.

The resistance change memories 111q, 1115, 114a, 1145
are assumed to be unipolar type memories. The resistance
change memories 111a, 114a included 1n the same memory
cell 110a are programmed to states different from each other.
The resistance change memories 1115, 1145 included 1n the
same memory cell 1105 are programmed to states different
from each other. For example, when the resistance change
memory 111a 1s programmed to a high resistance state, the
resistance change memory 114a 1s programmed to a low
resistance state.

Similarly to the MOSFETs described 1n the first embodi-
ment, the channel types of the MOSFETs 124, 13a, 126 and
135 and the mput/inverted signals to the control gates of the
MOSFETs are set as follows. When the input signal “A” and
the inverted signal “A " are inputted into the LUT circuit 101,

the two MOSFETs 111c1uded in one of the two memory cells
110a, 1105 are turned on, and the two MOSFETs included 1n
the other one of the memory cells are turned off.

As described, 1in the LUT circuit 101 using the resistance
change memories, one of the two memory cells 110a, 11056 1s
certainly turned oif according to the mput/inverted signals
“A”, “A,” provided to the LUT circuit 101. As a result, a
leakage current generated from the turned-oif memory cell
can be reduced to a value near zero. Accordingly, a leakage
current during running of the LUT circuit 101 can be reduced
to one-half compared with a case where all of the memory
cells are turned on.

In the LUT circuit 101, four elements are inserted in a
leakage path between the first power source 40 and the second
power source 41 for each memory cell 110a, 11056 so that the
leakage current 1s reduced. The LUT circuit 101 can be used
more effectively when a leakage current from the MOSFETs
1s adjusted to be smaller than a leakage current from the
resistance change memories 1 each of the memory cells
110a,110b. For example, the memory cell 110a 1s adjusted so
that the formula (2) may be satisfied. In the formula (2), I, _,
I1..1,11..114,10d1cate leakage currents from the MOSFETSs
12a, 13a and the resistance change memories 111a, 114a,
respectively.

Min(Z 5, 113,)<Min{, 1, 1 142) (2)

The leakage currents of the resistance change memories
111a, 1115, 114a, 1145 can be adjusted by areas, film thick-

nesses, and materials of the resistance change memories. The
leakage currents of the MOSFETs 12a, 13a, 12b, 136 can be

adjusted by changing the gate lengths, the gate widths, and the
threshold Voltages of the MOSFETSs. Thus, the resistance
change memories may be designed so as to satisty the formula
(2), according to the characteristics of the resistance change
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memories to be used, or the threshold values of the MOSFET
12a, 13a, 126 and 135 may be controlled by using a substrate
bias.

Operation of writing data to the resistance change memo-
ries 111a, 114a and operation of erasing data from the resis-
tance change memories will be described for the case ol using
the memory cell 110a of the LUT circuit 101, as an example.

In order to write data to the resistance change memory
111a and to erase data from the resistance change memory,
the MOSFETSs 12a, 13a are turned on. The MOSFETSs 124,
13a have a function of a selection transistor to select resis-
tance change memories.

Further, the power source line of the first power source 40
on the higher voltage side 1s switched from the high voltage
power source to a program power source. The power source
line of the second power source 41 on the lower voltage side
1s set to a floating state. Thus, the program voltage 1s applied
between the power source line of the first power source and
the common output node 29 of the memory cell 110q so that
data can be written to the resistance change memory 111a or
data can be erased from the resistance change memory 111a.

On the other hand, 1n order to write data to the resistance
change memory 114a and to erase data from the resistance
change memory, the power source line of the second power
source on the lower voltage side 1s switched from the lower
voltage power source to the program power source. The
power source line of the first power source 40 on the higher
voltage side 1s set to the floating state. Thus, the program
voltage 1s applied between the power source line o the second
power source 41 and the common output node 29 so that data
can be written to the resistance change memory 114q and data
can be erased from the resistance change memory 114a.

In order to apply a voltage between the power source lines
and the output node 29, a switch 17 1s connected to the output
node 29. When the memory cells 110aq, 1105 are pro-
grammed, 1t 1s possible to switch the connection of the power
source lines.

Operation of writing data to the resistance change memo-
ries and operation of erasing data from the resistance change
memories will be described below for a case where the resis-
tance change memories included 1n the LUT circuit 101 are
bipolar type memories.

FIG. 9 shows a modified example of the LUT circuit of the
second embodiment. An LUT circuit 102 shown 1n FIG. 9
uses bipolar type resistance change memories. In the case that
the resistance change memories are bipolar type, even 1f a
switch for changing the power source lines 1s not connected to
the output node of the LUT circuit 102, data can be written to
the resistance change memories and can be erased from the
memories.

The LUT circuit 102 can be used more effectively when a
leakage current from the MOSFETSs 1s adjusted to be smaller
than a leakage current from the resistance change memories
in each of the memory cells 120a, 1205. For example, the
memory cell 120q 1s adjusted so that the formula (3) may be
satisfied. In the formula (3), I,, , 1,5, I,,,.. 1,5, 1ndicate
leakage currents from the MOSFETs 124, 13a and the resis-
tance change memories 111a, 1134, respectively.

Min(Z 5, £y3,)<Minl 4. 1) 15,) (3)

Inthis case, the resistance change memories included in the
same memory cell, for example, the resistance change memo-
ries 111a, 115q are arranged so that different polarities are
aligned 1n series 1n a direction from the first power source to
the second power source. Each polarity is represented by “+”

“~7, Inthis case, when the resistance change memory 111a

or *“—
1s arranged such that the polarities of the resistance change
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memory 111a are “+-"" 1n the direction from the first power
source to the second power source, the resistance change
memory 115q 1s arranged such that the polarities of the resis-
tance change memory 115q are “—+". Alternatively, when the
resistance change memory 111a 1s arranged such that the
polarities of the resistance change memory 111q are “—+” 1n
the direction from the first power source to the second power
source, the resistance change memory 115q 1s arranged such
that the polarities of the resistance change memory 115q are
=7

When data 1s written to the bipolar type resistance change
memories 111a, 115q or data 1s erased from the bipolar type
resistance change memories, the MOSFETs 12a, 13q are
turned on. Further, the power source line of the first power
source on the higher voltage side 1s switched from the higher
voltage power source to a first program power source. The
lower power source line of the second power source on the
lower voltage side 1s switched from the lower voltage power
source to a second program power source. As a result, the
resistance change memories 111a, 115¢q are programmed to
states different from each other at the same time, according to
a direction of potential difference between the first program
power source and the second program power source.

In this way, when the bipolar type resistance change
memories 111a, 1154, 1115 and 1156 are used, it 1s not
necessary to provide a switch connected with the output node
so that the area of the LUT circuit 102 can be smaller than that
of the LUT circuit using unipolar type resistance change
memories.

FIG. 10 shows another modified example of the LUT cir-
cuit of the second embodiment. As shown 1n FIG. 10, simi-
larly to the LUT circuit of FIG. 5, all of the MOSFETs 12a,
15a, 126 and 156 provided in the memory cells 130a, 1305 of
the LUT circuit 103 have the same conductivity channel type.

FIG. 11 shows further another modified example of the
LUT circuit of the second embodiment. Similarly to the LUT
circuit of FIG. 6, in an LUT circuit 103 shown 1n FIG. 11,
MOSFETs 12a, 15a of a memory cell 140aq have a conduc-
tivity type different from that of MOSFETs 135, 1656 of a
memory cell 1405.

Further, FIG. 12 shows further another modified example
of the LUT circuit of the second embodiment. As shown 1n
FIG. 12, stmilarly to the LUT circuit 4 of FIG. 7, the MOS-
FET 12a of a memory cell 150a and the MOSFET 126 of a
memory cell 1505 are connected nearer to the first power
source than the flash memories 1114, 1115, and the MOS-
FETs 13a of the memory cell 150aq and the MOSFET 1356 of
the memory cell 1505 are connected nearer to the second
power source than the flash memories 114a, 1145. In the first
embodiment, due to the positional relationship between the
flash memories and the MOSFETs as shown in the LUT
circuit 4 of FIG. 7, the MOSFETSs need to be turned on when
data 1s written to the tlash memories or data 1s erased from the
flash memories. However, 1n the LUT circuits 101 to 105
according to the second embodiment shown 1n FIGS. 8 to 12,
the process for writing data to the resistance change memo-
ries and for erasing data from the resistance change memories
are the same.

FIG. 13 shows an LUT circuit of an FPGA according to a
third embodiment. The LUT circuit 201 has a configuration of
multiple inputs and a single output. The constituent elements
other than the LUT circuit 201 of the FPGA are similar to
those of the first embodiment. In the third embodiment and
the following embodiments, an LUT circuit of multiple inputs
and a single output 1s composed of flash memories of a tloat-
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ing gate type. The LUT circuit may be composed of the
resistance change memories described 1n the second embodi-
ment.

The LUT circuit 201 shown 1n FIG. 13 1s provided with
four memory cells 210a to 2104 and transmission gates 218a,
218b. The number of the memory cells 1s two times the
number ol 1put signals. The memory cells 210aq to 210d

include flash memories 211a to 2114, 214a to 214d, P-chan-
nel MOSFFETSs 212a to 2124, and N-channel MOSFETs 213a
to 2134

Any one of the configurations of the first and the second
embodiments and the modified examples of the first and the
second embodiments can be applied to the memory cells 210qa
to 210d.

Each of the transmission gates 218a, 2185 1s composed of
a P-channel MOSFET and an N-channel MOSFET connected
in parallel with each other. An output node 29q of the first
memory cell 210q and the second memory cell 2105 1s con-
nected to an input terminal of the first transmission gate 218a.
An output node 295 of the third memory cell 210¢ and the
fourth memory cell 2104 1s connected to an input terminal of
the second transmission gate 2185b.

A first input signal “A” mputted into the LUT circuit 201 1s
inputted into the control gates of the MOSFETs 213a, 2125,
213¢ and 212d provided 1n the memory cells 210a to 2104. A
first mnverted signal “A,” of the first input signal “A” 1s 1nput-
ted 1nto the control gates of the MOSFETSs 212a, 2135, 212c¢
and 213d provided in the memory cells 210a to 2104.

The first input signal “A” turns on the MOSFET 213a or
2125 included 1n the first and the second memory cell 210aq,
210b. Further, the first input signal “A” turns on the MOSFET
213c or 212d included 1n the third and the fourth memory cell
210c, 210d. The first inverted signal “A,” turns on the MOS-
FET 212a or 213) included in the first and the second
memory cell 210a, 2105. Further, the first inverted signal
“A,” turns on the MOSFET 212¢ or 213d 1included 1n the third
and the fourth memory cell 210c¢, 2104. In each of the flash
memories 211a to 2114 and 214a to 214d, data 1s written 1n
the same manner as described 1n the explanation regarding the
first embodiment.

As a result, etther one of output values of the first memory
cell 210a and the second memory cell 2105 1s mputted nto
the transmission gate 218a, and either one of output values of
the third memory cell 210¢ and the fourth memory cell 2104
1s inputted into the transmission gate 2185.

A second iput signal “B” inputted into the LUT circuit
201 1s inputted into the control gates of the N-channel MOS-
FETSs of the transmission gate 218a, 2185. A second mnverted
value “B,” of the second mput signal i1s inputted into the
control gates of the N-channel MOSFETSs of the transmission
gate 218a, 218b.

Thus, either one of the transmission gates 218a, 2185b 1s
turned on according to the second input signal “B” and the
second 1nverted value “B,”, and outputs a signal to the output
node 29C.

In the LUT circuit 201 having such a configuration, either
one of two memory cells connected to one transmission gate
1s turned oif according to the first input signal “A”” and the first
iverted value “A,”. Consequently, leakage current of a half
of the memory cells 1s cut off during running of the LUT
circuit 201 so that the leakage current can be reduced by about
50%.

The LUT circuit 201 having two mnputs and one output has
been described above referring to FIG. 13. An LUT circuit
having an arbitrary number of inputs can be provided. Such an
LUT circuit can be composed of a plurality of the memory
cell employed 1n each of the LUT circuits of the first and the
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second embodiments and the modified examples. The outputs
of the memory cells are selected by transmission gates which
operate according to a second mput signal, and further, the
outputs from transmission gates which operate according to
an (1—1)-th mput signal are selected by transmission gates
which operate according to an 1-th mput signal. “1” 1s the
number of the mput signals to the LUT circuit. *“1” 1s three or
more. Such a selection by the transmission gates 1s repeatedly
performed. Even when the number of inputs 1s large, leakage
currents of a half of the memory cells are cut off according to

a first input signal and the leakage current can be reduced by
about 50%.

In the description of the LUT circuit 201 of the third
embodiment shown 1n FIG. 13 described above, the output
signal 1s controlled using the transmission gates according to
the second 1nput signal “B” and the second inverted value
“B,”. In this case, the elements to be used to control signals
according to the second input signal 1s not limited to the
transmission gates. The signals may be controlled using pass

transistors which uses N-channel MOSFETs or P-channel
MOSFETsS.

FIG. 14 shows an LUT circuit of an FPGA according to a
fourth embodiment. The LUT circuit 202 has a configuration
of multiple mputs and a single output. The constituent ele-
ments other than the LUT circuit 202 of the FPGA are similar
to those employed in the first embodiment. In the fourth
embodiment, MOSFETSs for cutting off leakage current are
provided 1n each memory cell. The number of the MOSFETSs
corresponds to the number of input signals “A”, “B”. Further,
input signals “A”, “B”” to the LUT circuit 202 and the inverted
signals “A,”, “B,” of the input signals are transmitted to each
memory cell.

The LUT circuit of the fourth embodiment will be
described below 1n detail. In FI1G. 14, the LUT circuit 202 1s
provided with four memory cells 220a to 2204, the number of
which 1s two times the number of the mput signals “A”, “B”.
Each of the memory cells 220a to 2204 1s provided with two
flash memories 221, 226, P-channel MOSFETs 222, 223
which receive the inverted signals “A,”, “B,”, and N-channel
MOSFETs 224, 225 which receive the input signals “A”, “B”.

The number of the P-channel MOSFETs included 1n each
memory cell 1s same as the number of the input signals. The
number of N-channel MOSFETs included in one memory

cell 1s same as the number of the input signals. The two flash
memories 221, 226, the P-channel MOSFETs 222, 223, and

the N-channel MOSFETs 224, 225 are connected 1n series.
Each of the memory cells 220a to 2204 outputs a signal via an
output wiring 227.

The LUT circuit of the fourth embodiment 1s not limited to
the configuration shown 1n FIG. 14. It 1s possible to use the
positional relationship among the flash memories and the
MOSFETSs of each of the memory cells provided 1n the LUT
circuits according to the first and the second embodiments
and the modified examples.

The channel types of the MOSFETs and the input signals to
be inputted to the control gates of the MOSFETs can be
appropriately changed.

According to the LUT circuit 202 shown 1n FIG. 14, 50%
of the leakage current can be reduced by the first input signal
“A”, and further 50% of the remaining 50% of the leakage
current can be reduced by the second input signal “B”.
Totally, 75% of the leakage current can be reduced.

Further, when the number of input signals 1s three or more,
an LUT circuit for reducing leakage current can be realized by
iserting MOSFETs which cut off a large part of the leakage
current. The number of the MOSFETSs corresponds to the
number of the input signals in each memory cell.
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More specifically, when the number of input signals trans-
mitted to an LUT circuit 1s “m™, one flash memory and m
pieces of MOSFETs may be provided between an output
wiring of each of 2™ pieces of memory cells and the first
power source, and one flash memory and “m” pieces of MOS-
FETs may be provided between the output wiring and the
second power source. The MOFSETs of at least one of the 2™
pieces ol memory cells should be turned on according to the
“m” pieces of input signals. “m” 1s an integer greater than or
equal three.

FIG. 15 shows an example of a memory cell having a
configuration of four inputs. As shown in FIG. 15, a memory

cell 230a 1s provided with two flash memories 231, 231a,
P-channel MOSFETs 232 to 235 and N-channel MOSFETs
236 to 239. The N-channel MOSFETs 236 to 239 receive
input signals respectively. The P-channel MOSFETs 232 to
235 recerve mverted signals respectively. The number of the
P-channel MOSFETs 232 to 235 1s the same as the number of
the input signals. The number of the N-channel MOSFETSs
236 to 239 15 the same as the number of the input signals. The
two flash memories 231, 2314, the P-channel MOSFET's 232
to 235 and the N-channel MOSFETs 236 to 239 are connected
in series. The memory cell 230a outputs an output signal via
an output wiring 240. A plurality of such a memory cell
composes an LUT circuit.

According to such a memory cell, each time the number of
the MOSFETs for cutting off the leakage current and the
number of the mput signals inputted 1nto the control gates of
the MOSFETs are increased, the leakage current can be
reduced by 50%. Thus, an LUT circuit of low power con-
sumption can be realized.

When the operation of such an LUT circuit may becomes
unstable due to connecting many MOSFETSs 1n series, 1t 1s
possible to operate the LUT circuit more stably by providing,
clements such as transmission gates or pass transistors as
described 1n the third embodiment. In this case, the output
signals from the memory cells should be selected by provid-
ing some of the input signals transmitted to the LUT circuit to
the elements.

Specifically, in each memory cell of an LUT circuit which
receives a plurality of input signals, one flash memory and “n”
pieces of MOSFETs may be provided between an output
wiring extending from the memory cell and the first power
source, and one flash memory and “n” pieces of MOSFETSs
may be provided between the output wiring and the second
power source. “n’” 1s an integer greater than or equal to one.
The selection of an output by “n” pieces of the input signals 1s
performed 1n the memory cells, and the selection of an output
by the remaining input signal 1s performed using elements
such as transmission gates and pass transistors.

FIG. 16 shows an LUT circuit of an FPGA according to a
fifth embodiment. The LUT circuit 204 has a configuration of
multiple inputs and a single output. The constituent elements
other than the LUT circuit 204 1n the FPGA are similar to
those employed 1n the first embodiment. The LUT circuit 204
1s provided with four memory cells 2404 to 2404 having the
same configuration as that of the memory cell 40a or the
memory cell 405 shown 1n FIG. 7.

For example, 1n the memory cell 240a, a P-channel MOS-
FET 241a, flash memories 242a, 243a, and an N-channel
MOSFET 244q are arranged 1n series between the first power
source of a higher voltage side and the second power source of
a lower voltage side. Further, in the memory cell 2405, a
P-channel MOSFET 2415, flash memories 2425, 2435, and
an N-channel MOSFET 24456 are arranged 1n series between
the first power source of the higher voltage side and the

second power source of the lower voltage side.
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The P-channel MOSFET 241a and the N-channel MOS-
FET 244b recetve an input signal “A”. The P-channel MOS-
FET 2415 and the N-channel MOSFET 244a recetve the
inverted signal “A,” of the mput signal “A”. A P-channel
MOSFET 245 1s connected between the memory cells 240aq,
2405 and the first power source. An N-channel MOSFET 246
1s connected between the memory cells 240a, 2405 and the
second power source. A P-channel MOSFET 247 1s con-
nected between the memory cells 240¢, 2404 and the first
power source. An N-channel MOSFET 248 i1s connected
between the memory cells 240¢, 2404 and the second power
source. The P-channel MOSFET 245 and the N-channel
MOSFET 248 recetve an mnput signal “B”. The P-channel
MOSFET 247 and the N-channel MOSFET 246 receive the
inverted signal “B,” of the mnput signal “B”. The memory
cells 240a to 2404 output an output signal via an output
wiring 249,

According to this configuration, current flows in one of the
memory cells 240a to 2404 according to the input signals “A”,
“B” and the mverted signals “A,”, “B,”. Accordingly, the
leakage current can be largely reduced.

When the operation of each of the memory cells 240a to
2404 may become unstable due to connecting many MOS-
FETSs in series, 1t 1s possible to operate the memory cells more
stably by providing elements such as transmission gates and
pass transistors as described in the third embodiment. In this
case, the output signals from the memory cells should be
selected by transmitting some of the input signals inputted to
the LUT circuit to the elements.

As described above, according to the above embodiments,
it 15 possible to reduce the leakage current of unused memory
cells during running of each LUT circuit so that low power
consumption can be realized.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not mtended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied 1n a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the mmventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

L) (Ll

What 1s claimed 1s:

1. A semiconductor itegrated circuit comprising;:

a plurality of memory cells, each of the memory cells
having first and second non-volatile memories and a
plurality of switching elements, the first and second
non-volatile memories and the switching elements being
connected 1n series between a first power source and a
second power source,

wherein output wirings of at least two of the memory cells
are connected to each other, and an mput wiring 1s con-
nected with control gates of the switching elements
included 1n each of the at least two memory cells 1n order
to send an 1nput signal or an inverted signal of the input
signal to the control gates, and

wherein the memory cells are configured such that a plu-
rality of the switching elements included 1n one of the at
least two of the memory cells are turned off when the
input signal or the mverted signal 1s mputted, and that
another plurality of the switching elements included 1n
another one of the at least two of memory cells other than
the one of the at least two memory cells are turned on
when the 1input signal or the mnverted signal 1s inputted.
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2. The semiconductor integrated circuit according to claim
1,
wherein, 1n each of the memory cells, the first non-volatile
memory and at least one of the switching elements are
connected 1n series between the first power source and
one of the output wirings, the second non-volatile
memory and the rest of the switching elements are con-
nected 1n series between the second power source and
the other one of the output wirings, and the number of
the at least one of the switching elements and the number
of the rest of the switching elements are same.
3. The semiconductor integrated circuit according to claim
1,
wherein, in each of the memory cells, one terminal of the
first non-volatile memory 1s connected to the first power
source, the switching elements are connected between
another terminal of the first non-volatile memory and
one terminal of the second non-volatile memory, and
another terminal of the second non-volatile memory 1s
connected to the second power source.
4. The semiconductor integrated circuit according to claim
1,
wherein, 1n each of the memory cells, one terminal of the
first non-volatile memory 1s connected to one terminal
of the second non-volatile memory, at least one of the
switching elements are connected between another ter-
minal of the first non-volatile memory and the first
power source, and at least one of the switching elements
are connected between another terminal of the second
non-volatile memory and the second power source.
5. The semiconductor integrated circuit according to claim
1, wherein the first and the second non-volatile memories are
memory elements of a structure having a floating gate.
6. The semiconductor integrated circuit according to claim
1, wherein the first and the second non-volatile memories are
a resistance change memory element.
7. The semiconductor integrated circuit according to claim
1, turther comprising selection elements to recerve output
signals from the memory cells and to select one of the output
signals from the output wirings according to an input signal
other than the input signal provided to one of the input wir-
ngs.
8. The semiconductor integrated circuit according to claim
1,
wherein the at least two of the memory cells include first
and second memory cells, switching elements of the
cach of the first and second memory cells have the same
channel type, the switching elements of each of the first
and second memory cells are connected 1n series and the
connected node 1s connected with each of the output
wirings, and the mnput wiring for sending the mput signal
1s connected with the control gates of the switching
clements of the first memory cell and the second 1mnput
wiring for sending the mnverted signal 1s connected with
the control gates of the switching elements of the second
memory cell.
9. The semiconductor integrated circuit according to claim
1,
wherein the at least two of the memory cells include first
and second memory cells, the switching elements of the
first memory cell have a first channel type, the switching
clements of the second memory cell have a second chan-
nel type other than the first channel type, the switching
clements of each of the first and second memory cells are
connected 1n series, the connected node 1s connected
with each of the output wirings, and the mput wiring 1s
commonly connected with the control gates of the
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switching elements of the first and second memory cells
in order to send the mput signal to the control gates.

10. A semiconductor integrated circuit comprising:

a plurality of memory cells including first and second
memory cells, each of the memory cells having first and
second non-volatile memories, a first switching element
having a first channel type and a second switching ele-
ment having a second channel type, the first and second
non-volatile memories and the first and second switch-
ing elements being connected in series between a {first
power source and a second power source,

wherein output wirings of the first and second memory
cells are connected to each other, a first input wiring 1s
connected with a first control gate of the first switching
clement of the first memory cell 1n order to send an 1nput
signal to the first control gate, a second mnput wiring 1s
connected with a second control gate of the second
switching element of the first memory cell 1n order to
send an 1nverted signal of the mnput signal to the second
control gate, and

wherein the second 1nput wiring i1s connected with a first
control gate of the first switching element of the second
memory cell, and the first input wiring 1s connected with
a second control gate of the second switching element of
the second memory cell.

11. The semiconductor integrated circuit according to

claim 10,

wherein, 1n each of the first and second memory cells, the
first non-volatile memory and n pieces of the first
switching element are connected in series between the
first power source and the output wiring of the first
memory cell, and the second non-volatile memory and n
pieces of the second switching element are connected 1n
series between the second power source and the output
wiring of the second memory cell, where n=1.

12. The semiconductor integrated circuit according to

claim 10,

wherein, in each of the first and second memory cells, one
terminal of the first non-volatile memory 1s connected to
the first power source, the first and second switching
clements are connected between another terminal of the
first non-volatile memory and one terminal of the second
non-volatile memory, and another terminal of the second
non-volatile memory 1s connected to the second power
source.

13. The semiconductor integrated circuit according to

claim 10,

wherein, 1n each of the first and second memory cells, one
terminal of the first non-volatile memory 1s connected to
one terminal of the second non-volatile memory, the first
switching element 1s connected between another termi-
nal of the first non-volatile memory and the first power
source, and the second switching element 1s connected
between another terminal of the second non-volatile
memory and the second power source.

14. The semiconductor integrated circuit according to
claim 10, wherein the first and the second non-volatile memo-
ries are memory elements of a structure having a floating gate.

15. The semiconductor integrated circuit according to
claim 10, wherein the first and the second non-volatile memo-
ries are a resistance change memory element.

16. The semiconductor integrated circuit according to
claim 10, further comprising selection elements connected
with the output wirings to recerve output signals from the first
and second memory cells and to select one of the output
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signals according to an mput signal other than the mnput signal
provided to the first input wiring.
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